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COMPOSITE METAL WOOD CLUB 
CROSS-REFERENCE TO RELATED APPLICATION 

5 The present application is a continuation-in-part of co-pending U.S. patent 

application No. 10/428,061, filed on May 1 , 2003, which is a continuation-in-part of 
co-pending U.S. patent application No. 09/551,771 filed on April 18, 2000, and now 
U.S. Patent No. 6,605,007. The disclosures of the parent patent applications are 
incorporated herein in their entirety. 

10 

FIELD OF THE INVENTION 

The present invention relates to an improved golf club head. More 
particularly, the present invention relates to a golf club head with an improved striking 
15 face and improved shock absorption between the mating portions making up the 
body of the club head. 

BACKGROUND 

20 The complexities of golf club design are well known. The specifications for 

each component of the club (i.e., the club head, shaft, hosel, grip, and sub- 
components thereof) directly impact the performance of the club. Thus, by varying 
the design specifications, a golf club can be tailored to have specific performance 
characteristics. 

25 The design of club heads has long been studied. Among the more prominent 

considerations in club head design are loft, lie, face angle, horizontal face bulge, 
vertical face roll, face progression, face size, sole curvature, center of gravity, 
material selection, and overall head weight. While this basic set of criteria is 
generally the focus of golf club engineering, several other design aspects must also 

30 be addressed. The interior design of the club head may be tailored to achieve 

particular characteristics, such as the inclusion of hosel or shaft attachment means, 
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perimeter weights on the face or body of the club head, and fillers within hollow club 
heads. 

Golf club heads must also be strong to withstand the repeated impacts that 
occur during collisions between the golf club and the golf ball. The loading that 

5 occurs during this transient event can accelerate the golf ball to several orders of 
magnitude greater than gravity. Thus, the club face and body should be designed to 
resist permanent deformation or catastrophic failure by material yield or fracture. 
Conventional hollow metal wood drivers made from titanium typically have a uniform 
face thickness exceeding 0.10 inch to ensure structural integrity of the club head. 

10 Players generally seek a metal wood driver and golf ball combination that 

delivers maximum distance and landing accuracy. The distance a ball travels after 
impact may be dictated by variables including: the magnitude and direction of the 
ball's translational velocity; and, the ball's rotational velocity or spin. Environmental 
conditions, including atmospheric pressure, humidity, temperature, and wind speed, 

15 further influence the ball's flight. However, these environmental effects are beyond 
the control of the golf equipment manufacturer. Golf ball landing accuracy is driven 
by a number of factors as well. Some of these factors are attributed to club head 
design, such as center of gravity and club face flexibility. 

The United States Golf Association (USGA), the governing body for the rules 

20 of golf in the United States, has specifications for the performance of golf balls. 
These performance specifications dictate the size and weight of a conforming golf 
ball. One USGA rule limits the golf ball's initial velocity after a prescribed impact to 
250 feet per second + 2% (or 255 feet per second maximum initial velocity). To 
achieve greater golf ball travel distance, ball velocity after impact and the coefficient 

25 of restitution of the ball-club impact must be maximized while remaining within this 
rule. 

Generally, golf ball travel distance is a function of the total kinetic energy 
imparted to the ball during impact with the club head, neglecting environmental 
effects. During impact, kinetic energy is transferred from the club and stored as 
30 elastic strain energy in the club head and as viscoelastic strain energy in the ball. 
After impact, the stored energy in the ball and in the club is transformed back into 
kinetic energy in the form of translational and rotational velocity of the ball, as well as 
the club. Since the collision is not perfectly elastic, a portion of energy is dissipated 
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in club head vibration and in viscoelastic relaxation of the ball. Viscoelastic 
relaxation is a material property of the polymeric materials used in all manufactured 
golf balls. 

Viscoelastic relaxation of the ball is a parasitic energy source, which is 
5 dependent upon the rate of deformation. To minimize this effect, the rate of 
deformation must be reduced. This may be accomplished by allowing more club 
face deformation during impact. Since metallic deformation may be purely elastic, 
the strain energy stored in the club face is returned to the ball after impact thereby 
increasing the ball's outbound velocity after impact. 
10 A variety of techniques may be utilized to vary the allowable deformation of the 

club face, including uniform face thinning, thinned faces with ribbed stiffeners and 
varying thickness, among others. These designs should have sufficient structural 
integrity to withstand repeated impacts without permanent deformation of the club 
face. In general, conventional club heads also exhibit wide variations in the 
15 coefficient of restitution depending on the impact location on the face of the club. 
Furthermore, the accuracy of conventional clubs is highly dependent on impact 
location. 

It has been reported in F. Werner and R. Greig, "How Golf Clubs Really Works 
and How to Optimize Their Designs", Ch. 4, pp. 17-21 (2000) that a typical distribution 

20 of golf ball hits on the face of a driver club follows an elliptical pattern with its major 
axis orientating in a direction from high toe to low heel. The size of the hit distribution 
depends on the handicap of the golfer. Players with low handicap have smaller 
elliptical distribution and players with high handicap have larger elliptical distribution. 
These authors also patented golf clubs that have an elliptical outer hitting face that 

25 aligns in the direction of high toe to low heel. See United States patent no. 
5,366,233, entitled "Golf Club Face for Drivers," issued on November 22, 1994. 
However, there is no teaching to align the coefficient of restitution of the golf club 
head to the ball impact pattern. 
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SUMMARY OF THE INVENTION 

The present invention relates to a golf club head adapted for attachment to a 
shaft. The head includes a hitting face and a body. The hitting face is configured 

5 and dimensioned so that it includes at least an inner zone and a concentric 
intermediate zone. The inner zone has relatively high flexural stiffness and the 
intermediate zone has lower flexural stiffness. Preferably, the inner zone has a 
shape that comprises a major axis and a minor axis and the major axis aligns 
substantially in the direction of high heel to low toe. The inner zone can have an 

10 elliptical shape or a substantially parallelogram shape. The inner zone and 
intermediate zone may have same shape or different shape. 

This arrangement of inner and intermediate zones forms an area of relatively 
high flexural stiffness in the direction of high heel to low toe, thereby creating high 
resilience in the direction of high toe to low heel. In other words, this arrangement 

15 creates a gradient of flexural stiffness in the direction of high toe to low heel, and 
produces a desirable effect of manipulating resilience or higher coefficient of 
restitution (COR) in that direction. This area of improved coefficient of restitution 
advantageously coincides with the ball impact pattern that golfers typically make on 
the hitting face. 

20 The inventive club head encompasses a measurement zone that exhibits high 

COR where the lowest COR is at least 93% of the peak COR within this 
measurement zone. The measurement zone is defined by a rectangle having the 
dimensions of 0.5 inch by 1 .0 inch, and the COR values are measured at the corners 
of the rectangle, the mid-points of the sides and the geometric center of the 

25 rectangle. The geometric center of the measurement zone preferably coincides with 
the geometric center of the face of the club. 

The above is accomplished by providing the inner zone with a first flexural 
stiffness and the intermediate zone with a second flexural stiffness. Flexural 
stiffness is defined as Young's modulus or elastic modulus (E) times the zone's 

30 thickness (t) cubed or Et 3 . The first flexural stiffness is substantially higher than the 
second flexural stiffness. As a result, upon ball impact, the intermediate zone 
exhibits substantial elastic deformation to propel the ball. 
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In one embodiment, the first flexural stiffness is at least three times the 
second flexural stiffness. In other embodiments, the first flexural stiffness is six to 
twelve times the second flexural stiffness. More preferably, the first flexural stiffness 
is greater than 25,000 Ib-in. Most preferably, the first flexural stiffness is greater than 

5 55,000 Ib-in. Preferably, the second flexural stiffness is less than 16,000 Ib-in. More 
preferably, the second flexural stiffness is less than 10,000 Ib-in. 

Since the flexural stiffness is a function of material properties and thickness, 
the following techniques can be used to achieve the substantial difference between 
the first and second flexural stiffness: 1 ) different materials can be used for each 

10 portion, 2) different thicknesses can be used for each portion, or 3) different 
materials and thicknesses can be used for each portion. 

The golf club head may further include a perimeter zone disposed between 
the intermediate zone and the body of the club. In one embodiment, the perimeter 
zone has a third flexural stiffness that is at least two times greater than the second 

is flexural stiffness 

In the club heads discussed above, the inner, intermediate and optional 
perimeter zones can have any shape that has a major axis and a minor axis, such as 
elliptical, rhombus, diamond, other quadrilateral shapes with one or more rounded 
corners and the like. The zones may also have a substantially parallelogram shape. 

20 Furthermore, the club head inner cavities can have a volume greater than about 100 
cubic centimeters, and more preferably a volume greater than about 300 cubic 
centimeters. In other words, the club head in accordance to the present invention 
can be used in driver clubs and/or fairway clubs. In addition, the inner, intermediate, 
and perimeter zones can each have variable thickness. 

25 Another feature of the present invention is locating the center of gravity of the 

club head with respect to a Cartesian coordinate system. The origin of the 
Cartesian coordinate system preferably coincides with the geometric center of the 
hitting face. The X-axis is a horizontal axis positioned tangent to the geometric center 
of the hitting face with the positive direction toward the heel of the club. The Y-axis 

30 is another horizontal axis orthogonal to the X-axis with the positive direction toward 
the rear of the club. The Z-axis is a vertical axis orthogonal to both the X-axis and Y- 
axis with the positive direction toward the crown of the club. The center of gravity is 
preferably located behind and lower than the geometric center of the face. 
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In one preferred embodiment, the center of gravity is spaced from the 
geometric center along the Z-axis by about -0.050 inch to about -0.150 inch, and 
more preferably by about -0.1 10 inch. The center of gravity is preferably spaced 
about ± 0.050 inch, and more preferably about +0.015 inch from the geometric 
5 center along the X-axis. The center of gravity is preferably spaced about +2.0 inches 
and more preferably about +1 .35 inches from the geometric center along the Y-axis. 

The hitting face may comprise a face insert and a face support. The face 
support defines a cavity adapted to receive the face insert. The hitting face may 
further comprise at least one side wall, which can be a partial crown portion or a 
10 partial sole portion. Preferably, the inner zone is located on the face insert, and the 
intermediate zone may partially be located on the face insert and partially on the face 
support. 

Another aspect of the invention provides for a crown portion to be composed 
of a material having a lower density than a body portion. The material for the crown 
15 portion selected from such materials as composite, thermoplastic or magnesium, and 
preferably graphite composite. The crown portion having an inner surface layer 
integrally composed of a vibration dampening or acoustical attenuating material. 
One embodiment would include a titanium mesh material. 

An embodiment of the invention includes a non-integral dampening material, 
20 juxtaposed between the body and crown portions. 

A preferred embodiment would be a gasket juxtaposed between the body and 
the crown portions 

Yet still another embodiment of the invention is comprised of a body and light 
weight crown with a vibration dampening gap there between. The gap is preferably 
25 filled with putty or other shock absorption material such as a rubber based structural 
adhesive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Preferred features of the present invention are disclosed in the accompanying 

drawings, wherein similar reference characters denote similar elements throughout 
the several views, and wherein: 
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Fig. 1 is a toe side, front, perspective view of an embodiment of a golf club 
head of the present invention; 

Fig. 2 is a heel side, rear, perspective view of the golf club head of Fig. 1 ; 

Fig. 3 is a front, elevational view of the golf club head of Fig. 1 ; 
5 Fig. 3A is a cross-sectional view of the face of the golf club head of Fig. 1 

along line 3A-3A; Fig. 3B shows a cross-sectional view the face of the golf club head 
of Fig. 1 along line 3B-3B; Fig. 3C and 3D are alternative embodiments of Fig. 3A 
and 3B, respectively; 

Fig. 4 is a top view of the golf club head of Fig. 1 ; 
10 Fig. 5 is a bottom, perspective view of the golf club head of Fig. 1 ; 

Fig. 6 is a schematic view of substantially parallelogram shaped the inner and 
intermediate zones; 

Fig. 7 is a schematic view of the inner and intermediate zones with 
substantially parallelogram and elliptical shape; 
15 Fig. 8 is a front, exploded view of another embodiment of the present 

invention; 

Fig. 9 is a front, exploded view of another embodiment of the present 
invention; and 

Figs. 10(a)-10(c) illustrate the results from a comparative example, which 
20 compares iso-COR contour lines of conventional golf club head and of an 
embodiment of the present invention. 

Fig. 1 1 is a top view of an embodiment of the invention wherein the crown is 
composed of a composite material. 

Fig. 12a is a cross-section view of the crown portion attached to the lip section 
25 of the outer portion. 

Fig. 12b is a plan view showing the layer of titanium mesh material integral 
with the inner surface of the crown portion. 

Fig. 12c is a cross-section view of another embodiment of the crown portion 
wherein a titanium mesh ring is integral about the perimeter edge of the crown 
30 portion. 

Fig. 1 2d is a plan view showing a ring of titanium mesh about the perimeter 
edge of the crown portion. 
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Fig. 12e is a cross-section view of an embodiment of the invention wherein a 
gasket is disposed between the lip section of the outer portion and the crown portion. 
Fig. 12f is a plan view of the gasket of Fig. 12e. 

Fig. 12g is a cross-section view of an embodiment of the invention having a 
5 gap filled with a shock absorption material between the crown portion and lip section. 

Fig. 12h is a cross-section view of an embodiment of the invention having an 
"L" shaped gasket composed of a shock absorption material between the crown 
portion and lip section. 

Fig. 12i is a cross-section view of an embodiment of the invention having a "Y" 
10 joint on the crown portion. 

Fig. 12j is a plan view of the inner side of the crown portion showing the 
plurality of "Y" joints about the perimeter. 

Fig. 13 is a schematic of the front face of an embodiment of the invention 
depicting the location of the center of gravity. 
15 Fig. 14a is a front schematic depicting a 9 point spin variance across the front 

face of an embodiment of the invention. 

Fig. 14b is a front schematic depicting a 9 point spin variance across the front 
face of a prior art club head. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figs. 1 -5, a first embodiment of a golf club head 1 0 of the present 
invention is shown. Club head 10 includes shell 12 with body 14, hitting face 16, toe 
portion 18, heel portion 20, sole plate 22, hosel 24, bottom portion 26, crown portion 

25 28, and rear portion 29. The sole plate 22 fits in a recess 30 (as shown in Fig. 5) in 
the bottom portion 26 of body 14. The shell 12 and sole plate 22 create an inner 
cavity 31 (as shown in Fig. 5). The hitting face 16 has an exterior surface 32 and an 
interior surface 34. The exterior surface 32 is generally smooth except for external 
grooves (which are omitted for clarity). Preferably, interior surface 34 has elevated 

30 or depressed areas to accommodate the varying thickness of hitting face, as 
discussed below and shown in Figs. 3A-3D. 

A golf club shaft (not shown) is attached at hosel 24 and is disposed along a 
shaft axis SHA. The hosel may extend to the bottom of the club head or may 

8 



Docket No. C03-04 
Scott A. Rice 

terminate at a location between the top and bottom portions of the head. The hosel 
can also terminate flush with the top portion or extend into the cavity within the head. 

Inner cavity 31 of club head 10 may be empty, or alternatively may be filled 
with foam or other low specific gravity material. It is preferred that the inner cavity 31 
5 has a volume greater than 100 cubic centimeters, and more preferably greater than 
300 cubic centimeters. In other words, the club head design in accordance to the 
present invention can be used with any driver club, as well as any fairway club. 
Preferably, the mass of the inventive club head is greater than 150 grams but less 
than 250 grams. 

10 Referring to Figs. 1 and 3-3D, the face 16 includes an inner zone or portion 

36, an intermediate zone or surrounding portion 38 adjacent the inner zone 36, and 
an optional perimeter zone or outer portion 40. The intermediate zone 38 preferably 
surrounds inner zone 36, and the perimeter zone 40 preferably surrounds the 
intermediate zone 38. The inner zone 36 is a contiguous zone located on the hitting 

15 face 16 and contains a geometric center ("GC") of the hitting face. As shown, inner 
zone 36 and its concentric zones have a generally elliptical shape with a major axis 
in the direction of high heel to low toe. As used herein, the term "ellipse" or 
"elliptical" refers to non-circular shapes that have discernable major axis and minor 
axis, and include, but are not limited to, any quadrilateral shapes, geometrical 

20 ellipses, quadrilateral shapes with one or more rounded corner(s) and unsymmetrical 
elliptical shapes. Also, the term "concentric" refers to shapes that substantially 
encircle or surround other shapes. The "major axis" is defined as the axis coinciding 
with the longest length that can be drawn through the non-circular shapes without 
intersecting the perimeter of the shapes at more than two locations, i.e., at the start 

25 and end points of said length. The "minor axis" is orthogonal to the major axis at or 
near its midpoint. 

The major axis of inner portion 36 forms an angle, 0, with the shaft axis, SHA. 
Preferably, angle 9 is between about 10° to about 60°, more preferably between 
about 20° and about 50°, and most preferably between about 25° and about 45°. 
30 Additionally, the ratio of the length of the major axis to the length of minor axis is 
preferably greater than 1 .0 and more preferably less than about 6.0. 

Preferably, zones 36, 38 and 40 are concentric to each other within hitting 
face 16. The inner zone 36 has a first thickness Ti. The intermediate zone 38 has a 
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second thickness T 2 . The first thickness Ti is greater than the second thickness T 2 . 
Typically, when the club head is cast, the perimeter zone 40 is thicker than the 
intermediate zone 38. Alternatively, the hitting face may also be forged. However, 
the present invention is not limited to any manufacturing technique. Ti may range 
5 from about 1 .5 mm to about 7.5 mm and T 2 may range from about 0.8 mm to about 
3.0 mm. Preferably, the first thickness Ti is equal to about one and a half (1 .5) times 
the thickness T 2 to about four (4) times the thickness T 2 . 

The thickness relationships between the zones 36, 38, and 40 are provided so 
that a predetermined relationship exists between flexural stiffness exhibited by each 
10 of the zones. 

For clubs that have a hitting face made from a single material, such as 
titanium or titanium alloy, the area of highest thickness corresponds to the portion 
with the highest flexural stiffness. Flexural stiffness (FS) of each portion is defined 
as: 

15 FS = E(t 3 ), 

where: 

E is the elastic modulus or Young's modulus of the material of the portion, and 
t is the thickness of the portion. 
Young's modulus of titanium is about 16.5 x 10 6 lbs/in 2 , and thickness is typically 

20 measured in inch. Hence, FS as used in this application has the unit of Ib in. 

The inner zone 36 has a first flexural stiffness FSi. The intermediate zone 38 
has a second flexural stiffness FS 2 . The perimeter zone 40 has a third flexural 
stiffness FS 3 . The predetermined relationship between the portions is that the first 
flexural stiffness FSi is substantially greater than the second flexural stiffness FS 2 , 

25 and the optional third flexural stiffness FS 3 is substantially greater than the second 
flexural stiffness FS 2 . Preferably, the first flexural stiffness FSi is at least three times 
greater than the second flexural stiffness FS 2 , i.e., (FSi/FS 2 ) >3. When the above 
ratio of flexural stiffness is less than three, the inner zone sustains excessive 
deformation during impact and accuracy of the club is diminished. More preferably, 

30 the first flexural stiffness FSi is about six (6) to twelve (12) times greater than the 
second flexural stiffness FS 2 . Most preferably, the first flexural stiffness FSi is about 
eight (8) times greater than the second flexural stiffness FS 2 . Preferably, the third 
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flexural stiffness FS 3 is at least two times greater than the second flexural stiffness 
FS 2 , i.e., (FS3/ FS 2 ) >2. 

Alternatively, the flexural stiffness, FS 1f FS 2 or FS 3 , can be determined for two 
combined adjacent zones, so long as the preferred ratio (FS1/FS2) >3 or (FS 3 / FS 2 ) > 

5 2 is satisfied. For example, FSi, can be calculated to include both zones 36 and 38, 
and FS 3 can be calculated to include both zones 38 and 40. 

The thickness of the zones, Ti and T 2 , may be constant within the zone as 
illustrated in Figs. 3A and 3B, or may vary within the zone as illustrated in Figs. 3C 
and 3D. For the purpose of determining FS, when the thickness varies, a weighted 

10 average thickness is calculated. The determination of FS when the thickness varies 
or when the material is anisotropic is fully discussed in the parent patent application, 
which has already been incorporated by reference in its entirety. 

In club head 10 (as shown in Figs. 3-3D), the above flexural stiffness 
relationships are achieved by selecting a certain material with a particular elastic 

15 modulus and varying the thickness of the zones. In another embodiment, the flexural 
stiffness relationships can be achieved by varying the materials of the zones with 
respect to one another so that the zones have different elastic moduli and the 
thickness is changed accordingly. Thus, the thickness of the zones can be the same 
or different depending on the elastic modulus of the material of each zone. It is also 

20 possible to obtain the required flexural stiffness ratio through the use of structural 
ribs, reinforcing plates, and thickness parameters. 

Quantitatively, it is preferred that the first flexural stiffness FSi is greater than 
25,000 Ib-in. When the first flexural stiffness is less than 25,000 Ib-in excessive 
deformation of the inner region can occur during impact and accuracy is diminished. 

25 More preferably, the first flexural stiffness FSi is greater than 55,000 Ib-in. 

Preferably, the second flexural stiffness FS 2 is less than 16,000 Ib-in. When the 
second flexural stiffness is greater than 16,000 Ib-in, the resultant ball velocity is 
reduced. More preferably, the second flexural stiffness FS 2 is less than 10,000 Ib-in 
and, most preferably, less than 7,000 Ib-in. 

30 Referring to Fig. 3, it is preferred that inner zone 36 has an area that is 

between about 15% and about 60% of the exterior surface area 32. The percentage 
of face area is computed by dividing the area of each zone 36, 38, or 40 by the total 
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face area of exterior surface 32. It should be noted that the face area of exterior 
surface 32 is equivalent to the total area of zones 36, 38, and 40. When the inner 
zone 36 is less than 15% of the total face area, then accuracy can be diminished. 
When inner portion 36 is greater than 60% of the face area 32, then the coefficient of 
5 restitution can be diminished. 

Referring again to Fig. 1, the club head 10 is further formed so that a center of 
gravity of the club head has a predetermined relationship with respect to a Cartesian 
coordinate system with its center located on hitting face 16 and coincident with the 
geometric center GC of the face 16. The hitting face 16 includes a vertical centerline 

10 VCL and a horizontal centerline HCL perpendicular thereto. The geometric center 
(GC) of hitting face 16 is located at the intersection of centerlines VCL and HCL. 
The VCL and HCL are co-linear with the X-axis and the Z-axis of a Cartesian 
coordinate system, described below. Preferably, the GC of the inner zone 36 is 
spaced from the GC of hitting face 16 by a distance of less than about 0.10 inch, 

15 more preferably less than about 0.05 inch and most preferably less than about 0.025 
inch. The GC of inner zone 36 may be coincident with the GC of hitting face 1 6. 
The GC of inner zone 36 can be defined as the intersection between the major axis 
and the minor axis of the zone. 

The Cartesian coordinate system is defined as having the origin coincident 
20 with the geometric center of the hitting face. The hitting face is not a rectilinear 
plane, but due to the bulge and roll radii it is a curvilinear surface. The X-axis is a 
horizontal axis lying tangent to the geometric center of the hitting face with the 
positive direction toward the heel of the club. The Y-axis is another horizontal axis 
orthogonal to the X-axis with the positive direction toward the rear of the club. The Z- 
25 axis is a vertical axis orthogonal to both the X-axis and Y-axis with the positive 
direction toward the crown of the club. 

The center of gravity is preferably located both behind and lower than the 
geometric center of the face, when the club head is resting on a flat surface (/.e., at 
its natural loft). In one preferred embodiment, the center of gravity of club head 10 is 
30 spaced from the geometric center along the Z-axis between about -0.050 inch and 
about -0.150 inch, more preferably about -0.1 10 inch. The center of gravity is 
preferably spaced about ± 0.050 inch, more preferably about 0.015 inch, from the 
geometric center along the X-axis. The center of gravity is preferably spaced about 
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2.0 inches or less and more preferably about 1 .35 inches or less from the geometric 
center along the Y-axis. 

The center of gravity for the club head can be achieved by controlling the 
configuration and dimensions of the club head in addition to adding predetermined 
5 weights to the sole plate or to the club head. Other known methods of weight 
manipulation can be used to achieve the inventive center of gravity location as set 
forth above. 

FIG. 6 illustrates another embodiment of the present invention. Central zone 
36 has a generally parallelogram shape, such that the opposite sides are generally 

10 parallel and the angles formed between adjacent sides are rounded. More 

specifically, the acute angle a of central zone 36 is preferably between 40° and 85°. 
Additionally, the major axis of central zone 36, as shown, forms an angle /? with the 
HCL, which preferably is between 5° and 45°. The major axis is the line connecting 
the two acute angles of the parallelogram. Similar to the embodiments disclosed 

15 above, intermediate zone 38 surrounds central zone 36, and the relative thickness 
and ratio of FS between zone 36 and zone 38 follow the relationships discussed 
above. 

As shown in FIG. 7, central zone 36 can be an ellipse while intermediate zone 
38 can have a generally parallelogram shape. Conversely, central zone 36 can have 
20 a generally parallelogram shape, while intermediate zone 38 can be an ellipse. 
Furthermore, as illustrated intermediate zone 38 may have varying width. 

In accordance to another aspect of the present invention, hitting face 16 may 
comprise a face insert 42 and face support 44, as shown in FIG. 8. In this 
embodiment, hitting face 16 is delineated from crown 28, toe 18, sole 22 and heel 20 

25 by parting line 46. Central zone 36 is preferably disposed on the back side of face 
insert 42, and, as shown, has a generally parallelogram shape. Intermediate zone 
38, designated as 38i and 38 2 , can be disposed partially on face insert 42 and 
partially on face support 44. A transition zone 37 having variable thickness is 
disposed between central zone 36 and intermediate zone 38. Preferably, the 

30 thickness of central zone 36 is reduced to the lesser thickness of intermediate zone 
38 within transition zone 37. This reduces any local stress-strain caused by impacts 
with golf balls due to abrupt changes in thickness. Face support 44 defines hole 48, 
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which is bordered by rim 50. Face insert 42 can be attached to face support 44 by 
welding at or around rim 50. For the purpose of determining the FS ratio for this 
embodiment, the FSi of the inner zone includes both zone 36 and zone 37. 

In accordance to another aspect of the invention, the face insert may include 
5 one or more side walls, wherein the side walls may form part of the crown and/or part 
of the sole. As shown in FIG. 9, face insert 52 comprises central zone 36, transition 
zone 37, a portion of intermediate zone 38, partial crown portion 54 and partial sole 
portion 56. Club head 10 correspondingly defines cavity 58 sized and dimensioned 
to receive face insert 52. Face insert 52 is preferably welded to club head 10. Face 
10 insert 52 together with face support 60 forms hitting face 16. Similar to the 

embodiment illustrated in FIG. 8, intermediate zone 38, designated as 38i and 38 2 , 
can be disposed partially on face insert 52 and partially on face support 60. 

EXAMPLE 

15 In this example, hitting face 16 has the following construction. The central 

zone 36 has a substantially parallelogram shape, as shown in FIG. 10(a), with a 
major axis measuring about 3 inches and a minor axis about 0.75 inches with a 
thickness Ti, of about 0.120 inch. The central zone 36 has a concentric transition 
zone 37 with a similar shape as the central zone 36. The intermediate zone 38 

20 surrounds the central and transition zones with a thickness T 2 of 0.080 inch and 
comprises the remainder of the face hitting area. There is no perimeter zone 40 
included in this example. The major axis of zone 36 substantially coincides with the 
major axis of zone 38, and these two major axes form angle theta (0) of about 50° 
with the shaft axis. Furthermore, zones 36 and 37 comprise about 18% of the total 

25 face surface area. A single homogeneous material, preferably a titanium alloy, with a 
Young's modulus (E) of approximately 16.5 x 106 lbs/in 2 is used. In this example, 
the (FS1/FS2) ratio is 3.4 when FS1 includes both zones 36 and 37 and FS2 
includes zone 38. 

The test results were generated using computational techniques, which 
30 include finite element analysis models. In the computer model, the following 

assumptions were made: club head loft of 9°; club head mass of 195 grams; and 
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club head material is 6AL-4V titanium alloy. The golf ball used in the model was a 
two-piece solid ball. Finite element models were used to predict ball launch 
conditions and a trajectory model was used to predict distance and landing area. The 
impact condition used for club coefficient of restitution (COR) tests was consistent 
5 with the USGA Rules for Golf, specifically, Rule 4-1 e Appendix II Revision 2 dated 
February 8, 1999. 

Distributions of coefficient of restitution (COR) are shown in Figs. 10(b) and 
10(c). The lines indicate contour lines, similar to the contour lines in topography 
maps or weather maps, and indicate lines of constant COR (hereinafter iso-COR 

10 lines). The innermost contour line indicates the highest COR region on the hitting 
face and outer contour lines indicate lower COR regions on the hitting face. Fig. 
10(b) represents the iso-COR contours for a conventional club having a hitting face 
with uniform thickness, and Fig. 10(c) represents the iso-COR contours of the 
inventive club described in this Example. 

15 COR or coefficient of restitution is one way of measuring ball resiliency. COR 

is the ratio of the velocity of separation to the velocity of approach. In this model, 
therefore, COR was determined using the following formula: 

(Vclub-posf Vball-post)/ (Vball-pre"Vclub-pre) 

where, v c i U b-post represents the velocity of the club after impact; 

20 v ban-post represents the velocity of the ball after impact; 

Vciub-pre represents the velocity of the club before impact (a value of zero 
for USGA COR conditions); and 

Vbaii-post represents the velocity of the ball before impact. 
COR, in general, depends on the shape and material properties of the 
25 colliding bodies. A perfectly elastic impact has a COR of one (1 .0), indicating that no 
energy is lost, while a perfectly inelastic or perfectly plastic impact has a COR of zero 
(0.0), indicating that the colliding bodies did not separate after impact resulting in a 
maximum loss of energy. Consequently, high COR values are indicative of greater 
ball velocity and distance. 

30 The iso-COR contour lines generated by the computational analysis are 

shown within a rectangle having dimensions of 0.5 inch by 1 .0 inch, as typically used 
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in the art. Within this rectangle, the inventive club head exhibits relatively high and 
substantially uniform COR values. The COR values are measured at nine points 
within this rectangle, i.e., the corners of the rectangle, mid-points of the sides and the 
geometric center of the rectangle. Additionally, the geometric center of this 

5 rectangular measurement zone preferably coincides with the geometric center of the 
hitting face of the club. In this example, the lowest COR within this measurement 
zone is 0.828 and the peak COR is 0.865. According to the present invention, the 
lowest COR is within 93% of the peak COR. This advantageously produces a hitting 
face with a substantially uniform COR and large "sweet spot." 

10 The iso-COR contour lines of the conventional club shown in Fig. 10(b) follow 

a substantially elliptical pattern. Furthermore, the center of the innermost iso-COR 
contour line, which has the highest COR value, is offset from the geometric center of 
the rectangular measurement zone, indicating a reduction in COR. The major axis of 
these contour lines is substantially horizontal. 

15 The iso-COR contour lines for the inventive club also follow an elliptical 

pattern, and as shown in Fig. 10 (c), the major axis of the pattern does not coincide 
with the horizontal center line, HCL, of the hitting face. The test results indicate that 
the major axis of the iso-COR pattern makes an angle, delta((5), with the HCL. The 
angle 6 is at least 5°, and more preferably at least 7° in the direction from high toe to 

20 low heel. While the major axis of central zone 36 with the highest FS runs 

substantially from high heel to low toe, the major axis of the iso-COR contours runs 
substantially in a different direction, i.e., from high toe to low heel, which 
advantageously coincides with the typical hit distribution that golfers make on the 
hitting face, discussed above. Furthermore, the center of the innermost iso-COR 

25 contour line is closer to the geometrical center of the rectangular measurement zone, 
indicating a higher peak COR value. 

Without being limited to any particular theory, the inventors of the present 
invention observe that when an elliptical area of high thickness or high FS is present 
at or near the center of the hitting face with areas of less thickness or lower FS 
30 surrounding it, the iso-COR contour lines generally form an elliptical shape where the 
major axis of the iso-COR contours forms an angle with the major axis of the areas 
of high thickness or high FS. This arrangement of inner and intermediate zones 
forms a zone of relatively high flexural stiffness in the direction of high heel to low toe 
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thereby creating high resilience in the direction of high toe to low heel. In other 
words, this arrangement creates a gradient of flexural stiffness in the direction of high 
toe to low heel and produces a desirable effect of manipulating resilience or higher 
coefficient of restitution (COR) in that direction. This area of improved coefficient of 
5 restitution advantageously coincides with the ball impact pattern that golfers typically 
make on the hitting face. 

As shown is FIG. 1 1 , a club head embodiment of the invention is depicted 
having a club head 10, which includes a body portion 60, a composite crown portion 
61 , and a hosel 24 for attaching to a shaft (not shown). The body portion 60 

10 comprises an outer portion 40 that includes a lip section 63, as shown in FIGS. 12a, 
c, e, g, h, and i. The transverse surfaces of the lip section 63 define a cutout 65. As 
shown in FIG. 12a, the crown portion 61 attaches to the first body portion 60 by an 
outer ledge section 62 being attached to the lip section 63. The outer ledge section 
62 substantially forms a perimeter edge of the crown portion 61 . An inventive aspect 

15 of the present invention is the inclusion of a shock absorption layer 66 integral with 
the inner surface 64 of the crown portion 61 . For an embodiment shown in FIG. 1 2a, 
the shock absorption layer 66 covers substantially the entire inner surface 64 of the 
crown portion 61 , as depicted by FIG. 12b. This shock absorption layer 66 is 
preferably composed of titanium mesh material. Although the crown portion is 

20 shown herein as only encompassing the crown of the club head 10, it is appreciated 
that it could also include parts of the skirt or hosel sections of the club head 10. The 
crown portion 61 may be cast, formed, injection molded, machined or pre-preg sheet 
formed. 

The density range for crown portion 61 is from about 0.1 g/cc to 4.0 g/cc. 
25 Preferably the crown portion 61 may be formed from materials such as magnesium, 
graphite composite, a thermoplastic, but the preferred material for the crown portion 
61 is graphite composite. Preferably, the crown portion 61 has a thickness in the 
range of about 0.1 mm to about 1 .5 mm, and more preferably less than about 1 .0 
mm. 

30 An embodiment of the invention is shown in FIGS. 12c and 12d. In this 

embodiment, the titanium mesh layer 66 is integral with the inner surface 64 of the 
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crown portion 61 is in the shape of a ring, such that it is juxtaposed the outer ledge 
62 and the lip section 63. 

Another embodiment of the invention is described on FIGS. 1 2e and 1 2f , 
wherein, the shock absorption material is a separate gasket 67, and is disposed 
5 between the outer ledge section 62 and the lip section 63. Other materials, such as 
a viscoelastic material or an aluminum foil, may be substituted in lieu of the titanium 
gasket. 

Another way to dampen vibrations according to the invention is shown in 
FIG. 12g, wherein a gap 68 is created between the transverse surfaces of the body 

10 portion 60 and the crown portion 61. In FIG. 12g, this gap 68 has a substantially 
rectangular shape, while in FIG. 12h, an L-shaped gap 69, creates the bond between 
the transverse surfaces. However, both are preferably filled with a shock absorbing 
material such as putty or a rubber based structural adhesive, such as those provided 
by PPG Industries, Inc. under the trade name CORABOND®HC7707. 

15 The materials for forming the body portion 60 may be stainless steel, pure 

titanium or a titanium alloy. The more preferred material comprises titanium alloys, 
such as titanium 6-4 alloy, which comprises 6% aluminum and 4% vanadium. The 
body portion 60 may be manufactured through casting with a face insert, or formed 
portions with a face insert. The face insert is made by casting, machining sheet 

20 metal or forming sheet metal. Another embodiment can be created by forming a 
wrapped face, from forging, stamping, powdered metal forming, or metal-injection 
molding. 

Tests were conducted on each of two golf clubs of the present invention. The 
only physical difference between the two clubs was that one of the clubs was 

25 manufactured with the shock absorption layer 66, as shown in FIGS. 12a and 12b, 
and the other club was made without any such shock absorption layer. Identical 
shaft specifications were used for both test clubs, and the ball was a Pinnacle Gold, 
as manufactured by Titleist®. Test data taken over a frequency range of 3,000 to 
12,000 Hz indicated swing speed is a variable in the percentage of dampening that 

30 was achieved. At a swing speed of 90 mph, the noise was dampened between a 
range of about 28% to 50% over a frequency range of about 3800 Hz to 10,000 Hz, 
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while at a swing speed of 105 mph the noise was dampened about 20% to 32% over 
the same Hz range. 

An embodiment of the invention provides an improvement in the percentage 
of club area relative to the head volume. With the composite crown portion 61 being 
5 considerably lighter than titanium, weight is removed from the crown and may then 
be redistributed into weight inserts in the body and face. The weight relocation helps 
to position the center of gravity lower. As seen in Fig. 1 3, an embodiment of the 
present invention provides a club head with the center of gravity located between 50 
to 55% of the face height with a face area greater than 50 cm 2 . The combination of 

10 shaft characteristics with the present invention provides for dynamic results. The 
shaft used in the embodiment is a lightweight rayon Model SL-45, as manufactured 
by Mitsubishi. It has a weight that is less than 50 grams and preferably less than 48 
grams. The shaft torque is greater than about 3.5° and preferably greater than about 
4°. The shaft tip stiffness is less than 900 cpm and greater than 600 cpm as 

15 measured 320 mm from the tip. The face is closed at an angle greater than 1 °, 
preferably 2°, and the face has an effective hitting area greater than 7.0 in 2 and 
preferably greater than 7.25 in 2 Combining this center of gravity location with the 
ultra-light shaft design and low tip stiffness, a high right to left trajectory is promoted 
with increased swing speed. The lower center of gravity promotes a high launch, a 

20 larger head size yields a higher moment of inertia, and the larger face area allows for 
more forgiveness. 

As suggested above, Fig. 13 shows the position of the center of gravity as it 
relates to face height for the King Cobra 454 COMP driver as manufactured by The 
Acushnet Company and depicts a face area of 48.4 cm 2 , overall club weight of 290 
25 (with a Mitsubishi Rayon SL-45 shaft having a weight of 45 grams, and a length of 
45.5"). The magnitude of the effective hitting area of the King Cobra 454 COMP golf 
club is shown in Figs. 14a and 14b. The effective hitting area of the King Cobra 454 
is about 7.5 in 2 versus an effective hitting area of about 5.0 in 2 for an ERC Fusion 
golf club, as manufactured by the Callaway Golf Company of Carlsbad, CA. 

30 A significant performance criteria in the design of a golf club is the club's 

"forgiveness" or its ability to provide near optimum hitting for golf hits that are not 
struck right on the perfect "sweet spot" of the club. The "sweet spot" of a golf club is 
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usually referred to as that spot on the club face wherein maximum Coefficient of 
Restitution is obtained. The golf club of the present invention provides a "sweet 
zone" or nine (9) points across the club face, in which the club will deliver near 
maximum COR, at not just one particular point on the club face, but at any point 
5 within the sweet zone. 

Figs. 14a and 14b make a 9 point comparison of the club faces of a model 
454 Cobra versus the ERC Fusion club of Callaway Golf Company. The spin of the 
golf ball coming off the club face is an important parameter and in a perfect situation, 
the spin would be the same for the entire club face. In the design of a club face, 

10 having a minimum variance of spin across a large area of the face is a highly desired 
performance characteristic. The performance data shown on Figs. 14a and 14b are 
based on striking the golf ball at an 1 1 0 launch angle and a club speed of 90 mph. 
The spin imparted to the ball coming off the King Cobra 454 face is much higher 
across the entire face (average spin of 2375 rpm) than that of the ERC Fusion club 

15 (average spin of 2070 rpm), the variance across the "sweet zone" of the King Cobra 
454 club is only 475 rpm to 850 rpm for the ERC Fusion club. This demonstrates a 
club face that will consistently yield shots more consistent over a greater surface 
area. 

While various descriptions of the present invention are described above, it 
20 should be understood that the various features of each embodiment can be used 
alone or in any combination thereof. Therefore, this invention is not to be limited to 
only the specifically preferred embodiments depicted herein. Further, it should be 
understood that variations and modifications within the spirit and scope of the 
invention may occur to those skilled in the art to which the invention pertains. For 
25 example, the face and/or individual zones can have thickness variations in a step- 
wise or continuous fashion. Other modifications include a perimeter zone that has a 
thickness that is greater than or less than the adjacent, intermediate zone. In 
addition, the shapes of the central, intermediate, and perimeter zones are not limited 
to those disclosed herein. Accordingly, all expedient modifications readily attainable 
30 by one versed in the art from the disclosure set forth herein that are within the scope 
and spirit of the present invention are to be included as further embodiments of the 
present invention. The scope of the present invention is accordingly defined as set 
forth in the appended claims. 
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